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A B S T R A C T Granulocytes collected by reversible adhesion to nylon wool fiber (NWF) function relatively well in standard in vitro tests; however, they have an abnormally shortened survival time in the circulation. Assuming that this rapid disappearance represents clearance and that recognition by phagocytes is important for such clearance, we used an autologous in vitro cell:cell recognition assay to determine whether phagocytes can detect cellular changes induced by exposure of normal granulocytes to NWF. Human granulocytes incubated with NWF 1 h at 37°C, eluted with 20% acid citrate dextrose plasma, and washed stimulated the hexose monophosphate shunt activity of normal granulocytes an average oftwofold (193+40% of controls), indicating a recognition response. NWFinduced granulocyte recognition was not dependent on plasma factors or activated complement components but was dependent on the time that the granulocyte was on the NWF and was maximal by 60 min of exposure. After elution from NWF, granulocytes demonstrated resting glucose oxidation rates only slightly higher than normal; however, during the first 20 min of exposure to NWF, granulocytes increased their rate of 14CO2 production from [1-14C] glucose three-to fivefold. Therefore, experiments were performed to determine whether toxic oxygen metabolites produced by NWF-adherent cells might contribute to recognition. The results showed that (a) normal granulocytes exposed to NWF in the presence of scavengers of superoxide anion (superoxide dismutase) or free radicals (ascorbate, mannitol, or benzoate) and washed before Dr. Stossel is an Established Investigator of the American Heart Association.
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INTRODUCTION
Nylon fiber filtration has become a popular method for procurement of human granulocytes for transfusion (1) (2) (3) (4) (5) . The separation of granulocytes from blood by this method is effective because granulocytes preferentially adhere to the nylon fiber material; this permits the collection of large numbers of cells. In contrast to granulocytes collected by centrifugation procedures, granulocytes collected by the nylon wool fiber (NWF)l method exhibit variable abnormalities in bactericidal function and morphology (2) (3) (4) (5) (6) (7) (8) . Both centrifuge-and NWF-procured granulocytes can be found at sites of infection after transfusion, but NWF-procured granulocytes can only be found in small numbers in the recipient's circulation after infusion (4, 5, 8) ; and, relative to centrifuge-acquired cells, only a small proportion of the infused cells reach sites of inflammation (9) . The disappearance of NWF-procured granulocytes suggests that they are rapidly cleared from the circulation. Because 200 ,ul of 2 N NaOH. Vials were kept at icebath temperature until the reaction was started by placing them in a 37'C shaking water bath. The incubation was terminated after 15 min by injecting 0.2 ml N H2SO4 into the vial through the rubber stopper. After 15 min of equilibra-tion, the stoppers were removed, and the plastic cups were placed into 5 ml of scintillation fluid (Instagel, Packard Instrument Co., Inc.). Vials containing scintillant and cups were counted for radioactivity in a refrigerated scintillation spectrometer (Packard Tricarb, Packard Instrument Co., Inc.). All assays were performed in triplicate. Optimal conditions for the assay were determined. The amount of 14CO2 produced in the reaction was constant with time for the first 15 min of incubation whether or not carrier glucose (5 mM) or plasma was present, although absolute rates of oxidation of glucose were different; therefore all assays were performed with cells suspended in 0.15 M NaCl solution. Because base-line rates of production of 14CO2 varied somewhat between experiments, the results are expressed as the percent increase in radioactivity liberated from the system as 14CO2; radioactive CO2 produced by indicator granulocytes in the system containing 5 x 106 indicator and 106 test granulocytes was compared to radioactive CO2 produced by indicator granulocytes in the system containing 5 x 106 indicator and 106 untreated control granulocytes. The amount of 14CO2 produced by the 5 x 106 indicator granulocytes was arbitrarily assigned 100% activity. The small SD around this value is derived from averaging the three numbers in the triplicate assay. In control and test incubations, all cells were obtained from the same donor; however, the test results were similar if normal untransfused males were used as the source of indicator granulocytes. Additionally, brief exposure of granulocytes to erythrocyte lysing solutions did not affect their performance in the test system or the test results.
RESULTS
Detection of cell recognition by the assay. The indicator granulocytes increased their glucose oxidation rates when incubated with cells treated in a variety of ways. Normal granulocytes heated to 43°C for 3 min and normal granulocytes stored for 24 h at 2°C stimulated glucose oxidation of indicator granulocytes 100-300% of controls (Table I ). Table III , the indicator granulocyte assay could not distinguish granulocytes allowed to adhere to NWF in 0.15 M NaCl solution from NWF granulocytes made in fresh plasma or in plasma heated to 56°C for 30 min. Adding plasma that had been exposed to NWF for 1 h at 37°C to the assay system or preincubation of normal control granulocytes with NWF-exposed plasma did not cause an increase in '4CO2 production in indicator granulocytes.
As shown in Table IV , the length of time granulocytes were on NWF was found to be an important factor in causing cell recognition. Granulocytes incubated with NWF for 5 min were indistinguishable in the assay system from untreated controls. Only NWF granulocytes incubated for more than 15 min were able to stimulate indicator granulocytes; however, incubations longer than 1 h did not increase this stimulation more.
Although eluted NWF granulocytes had nearly normal base-line rates of glucose oxidation, NWF granulocytes attached to NWF had substantially increased [1-_4C]glucose oxidation rates (Fig. 4) . Therefore, we examined the possibility that oxygen metabolites produced by granulocytes while on NWF might be damaging such cells. NWF granulocytes were prepared in the presence of materials that reduce the levels of certain of these metabolites by scavenging them or by enzymatically degrading them. Fig. 5 shows results of cell:cell recognition assays done on NWF granulocytes prepared in various concentrations of sodium ascor- I Test conditions are the same as described in Table I and Methods. Time(min) FIGURE 4 Results of oxidation of [1-_4C] (20) (21) (22) and 2-(23), which in turn can interact to produce hydroxyl radical, singlet oxygen and probably other radical species (20, 22) . These oxygen metabolites are produced to exert microbicidal activity against ingested microorganisms (24) , but a fraction of these species appear in the extracellular medium (21, 22) where they can damage host cells, including granulocytes from which they originate (20) . Salin and McCord (20) (25) , and they were most effective as protectants above 1 mM. The protective effect was not a result of osmotic activity because equimolar solutions 
